I. INTRODUCTION
The Phase behavior of polymer solutions are of extreme importance for the development of in several polymer processing and many polymers are produced in solution [1] , [2] . The polymer devolatilization and other polymeric membrane separation processes [3] , recovery of organic vapors from waste-air streams using a polymeric membrane [4] , and pervaporation [5] may be have a few residual solvents.
In such as process we should remove these residual solvents. The removal of solvents is important for polymeric materials used in the food and pharmaceutical industry [6] .
In the recent years there has been an increase in publications on the VLE for polymer/solvent systems. Development of accurate thermodynamic models for polymer solutions is also essential in the design of advanced polymeric materials and separation process that employ polymer solutions. Some of models have presented based on the van der Waals theory while several authors [7] - [15] further developed the models according to the lattice base. These bases have been used for the development of various activity coefficient models as well as equations of state [16] .
Cubic equations of state (CEOS) are widely used in thermodynamic science for computing phase equilibrium and properties of mixtures.
Besides the predictive potential of CEOS, three additional aspects have been determining for the interest in extending the use of this type of EOS for polymers and other complex systems: 1) numeric and analytical procedures for dealing with a great variety of properties calculation and phase equilibrium problems are well established for CEOS; 2) implementations of CEOS are available in most commercial computational packages for thermodynamic applications; 3) the introduction of excess Gibbs free energy (G E ) mixing rules extends the usability of cubic equations to strongly polar systems and very asymmetric mixtures like solventpolymer and polymer-polymer [17] - [23] .
The objective of this work is predicting of vapor-liquid equilibrium of Polypropylene oxide/solvent solutions by PRSV and SRK cubic equations of state using four mixing rules namely: Van der vaals one-fluid mixing rule with one adjustable parameter (vdW1), Van der Waals one-fluid mixing rule with two adjustable parameters (vdW2), WongSandler (WS) combining with Flory-Huggins (FH) activity coefficient model and Zhong-Masuoka (ZM) mixing rule separately.
II. THERMODYNAMIC MODEL

A. (Vapor + Liquid) Equilibrium Calculation for Polymer Solutions
For the VLE calculations on mixtures, the equal fugacity criterion is employed for each component. The quantity of polymer in the vapor phase is close to zero for polymer solutions,. So, the phase equilibrium equation for solvent in a polymer solution can be expressed as: (1) where and are the fugacity coefficients of solvent in the liquid and vapor phases, respectively. Therefore, the fugacity coefficient [24] can be obtained in both phases as:
where Z mix is the compressibility factor of the vapor or liquid mixture.
B. Cubic Equations of State
Most of the CEOS available today are special cases of a generic cubic equation [22] , which can be written as: on the EoS and a(T) and b are, respectively, the attractive and co-volume parameters specific for each substance. These parameters are usually determined using generalized correlations based on critical properties and acentric factor, accordingly to:
where T c is the critical temperature, P c is the critical pressure, ω is the acentric factor, T r =T/T c the reduced temperature. In fact, variations in values or expressions for a (T) and b are the source for hundreds of cubic EOS available today. In this work, the polymer parameter a and b are evaluated based on literature [25] . In calculations, where the polymer's molecular weight differs from those of the reference paper [25] , the parameters a and b of a specified polymer were calculated by assuming the a/MW and b/MW parameters are identical for the polymer with different molecular weight, i.e., a/MW and b/MW are characteristic for the type of polymer, but independent of polymer structure (chain length or molecular weight distribution). Table I lists the parameter a/MW and b/MW for the CEOS of the PPO(PPG). 
1) PRSV EoS
A modification to the attraction term in the PengRobinson equation of state published by Stryjek and Vera in 1986 (PRSV) significantly improved the model's accuracy by introducing an adjustable pure component parameter and by modifying the polynomial fit of the acentric factor [26] . In this work, PRSV EOS [26] is used as:
The modification is:
where , are adjustable pure component parameter and acentric factor of the species, respectively. Stryjek and Vera reported pure component parameters for many compounds of industrial interest [26] .To estimating of Z mix , the PRSV EOS can be written as follows:
The a mix and b mix are the mixture parameters of CEOS that were calculated using different mixing rules.
2) SRK EoS
In this work, SRK EOS [27] is used as:
To estimating of Z mix , the PRSV EOS can be written as follows:
(20)
C. Mixing Rules
The ability of a CEOS to correlate and predict phase equilibria of mixtures depends strongly upon the mixing rule applied. Among Several mixing rules suggested, the following are the most popular and adopted methods were chosen to test the ability of the EoS to predicative of phase equilibria behavior in polymer solutions.
1) vdW1 mixing rule
The most commonly used method to extend equations of state to a non-polar mixture is to use the van der Waals onefluid mixing rules. This rule is capable of accurately representing vapor-liquid equilibria using only one binaryinteraction parameter for non-polar or slightly polar systems.
where and are mole fraction, cross energy parameter and binary interaction parameter, respectively. It is noted that can be obtained from the regression of VLE data.
2) vdW2 mixing rule
The second mixing rule is the conventional twoparameter van der Waals one-fluid mixing rule (vdW2) [28] :
In these equations, and (i = j) are parameters corresponding to pure component (i) while and (i ≠ j) are called the unlike-interaction parameters. The binary interaction l ij , like can be obtained from the regression of VLE.
3) Wong-sandler mixing rule
In this mixing rule, a and b parameters in a mixture are determined in such a way that while the low-density quadratic composition dependence of the second virial coefficient is satisfied, the excess Helmholtz energy at infinite pressure from the equation of state is also equal to that of an appropriately chosen liquid activity coefficient model. The mixing rule for a two-parameter cubic equation is:
where C is a constant equal to (1/√2)ln(√2 − 1) and is any suitable molar excess Helmholtz energy model at infinite pressure or equivalently an excess Gibbs energy model at low pressure. For this work, the Flory-Huggins model has been chosen, which includes two contributions to the thermodynamics of binary polymer solutions, entropy of a thermal mixing due to size difference between the species, and an enthalpy of mixing due to difference of the intermolecular forces, as (33) Here, χ is the Flory interaction parameter, Φ is the volume fraction, and r is the number of solvent size segments that make up the polymer, which is approximated by the hardcore volumes. [29] . Actually, the only difference between this mixing rule and the Wong-Sandler one is the absence of excess Helmholtz energy at infinite pressure, , which was set equal to zero in this case.
4) Zhong and Masuoka mixing rule
Zhong and Masuoka [21] came up with a new mixing rule for extending cubic EoS to polymer solutions, refining the work done by Wong-Sandler(34) (35) ∑ ∑ ( ) (36) ∑ ∑ ( )(37)( ) [( ) ( )] ( )(38)
III. RESULTS AND DISCUSSION
In this work, the computational algorithm were implemented based on bubble point pressure calculations for Polypropylene oxide/solvent binary solutions at wide range of molecular weight of PPO(PPG) and various temperatures of solution systems. The capability of two Cubic EoS namely PRSV and SRK combined with vdW1, vdW2, WS plus FH model and ZM mixing rules to prediction of phase behavior for PPO(PPG)+solvent binary solutions were evaluated. Table II shows the calculated results of absolute average deviations (%AAD) between predicted and experimental bubble point pressure data for PPO(PPG)/solvent solutions with various models included in PRSV and SRK, separately combined with different mixing rules. It is noted that experimental data points are collected from the literatures [30] , [31] .
As depicted in this table although the capability of two equations of state had a good agreement with experimental data and predict the correct type of phase behavior in all cases, but the performance of the PRSV+ vdW2 was more reliable than the other models. The PRSV+vdW2 model was the best predictive model with the highest accuracy (AAD=1.021%) between other models. Among of these models the vdW2 mixing rule with both CEOS had a less deviation with experimental data especially in low solvent weight fraction (≤0.3). The Zhong and Masuoka(ZM) mixing rule was found as the worst model with the lowest accuracy between the others.
The calculated vapor-liquid equilibrium for some of PPO(PPG)/solvent systems is shown graphically in Fig. 1 to Fig. 4 . Good agreement with experimental data confirms that these PRSV and SRK are generally capable for VLE correlation of these solutions. Fig. 1 and Fig. 2 show the predictive behavior of models basis PRSV and SRK for PPG+ N-Hexane at T=323.15K with a polymer molecular weight of 500 gr/mol. These figures demonstrate a good agreement between the results obtained from the CEOS model and experimental data for this system. Although In this solution system all of models had a very satisfactory result but the PRSV+WS model with value of 0.93% in absolute average deviation of bubble point pressure with experimental data was the best predictive model.
The PPO (MW=500000)/ Benzene ( Fig. 3 and Fig. 4 ) solution systems VLE with T=320.35K can be well described by SRK+WS with AAD of 0.46%.
As can be seen in these figures, results show that the CEOS models can accurately correlate the VLE experimental data of (PPO(PPG) + solvent) systems over a wide range of temperatures and molecular weight, particularly at low molecular weight of polymers. The Eq. (39), as an objective function was used to optimize the adjustable parameters of CEOS. 
